Introduction
Chromotropism of coordination compounds, or color change due to external stimuli, is an interesting phenomenon and is generally ascribed to transformation of coordination geometry around the metal center [1] [2] [3] [4] [5] . In particular, the solvatochromism of metal complexes have attracted special attention because of their potential application for color indicators and optical sensors [1] [2] [3] 6] . To date, many copper(II) solvatochromic complexes with mixed ligands have been reported, in which chelate ligands of -diketonato and ethylenediamine derivatives are often used [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Solutions of these complexes show color changes from green via blue to violet, depending on the solvent. The color change originates from the shift of the d-d absorption bands of the copper (II) center by coordination of the solvent molecules. The absorption energies are known to correlate with the donor number (DN) of the coordinated solvents [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In the solvent-coordinated species, the coordination geometries around the metal center should be a crucial factor that determines the d-d absorption energies. However, a systematic study of the correlation between the coordination environments and the d-d absorption bands of metal(II) solvatochromic complexes has not been reported, whereas there have been a few structural reports on solvent coordinated copper(II) solvatochromic complexes [8, 12] .
In this context, to investigate solvent dependence of the coordination environment and its consequence on the solvatochromism, we have designed square planar complexes [Cu(acac)(N^N)]BPh 4 {acac = acetylacetonato, N^N = 1,10-phenanthoroline (phen) (1) or 2,2-bipyridyl (bpy) (2)} ( Fig. 1) , expecting that the use of planar ligands leads to π···π interactions and which consequently provides crystalline materials suitable for crystallography. In fact, copper(II) complexes with -diketonato and aromatic N-donor ligands have been used as building blocks for supramolecular architectures [17] [18] [19] [20] [21] . Most of such complexes are anion-coordinated neutral species, and have not been investigated from chromotropic aspects. We expected that the use of a bulky and non-coordinating counter anion, BPh 4 − , provides space for solvent coordination the same linear trend. ν max of 1(Py) and 2(Py) were slightly different from those expected from the DN of pyridine. The d-d transition energies of 1 and its solvated complexes were slightly lower than those of 2 and its solvated complexes. As will be shown in the solvatochromism section, 1 and 2 exhibit distinctive solvatochromism in various solvents, and the d-d transition energies in solutions are comparable to those in the solid complexes with the corresponding solvent. However, the color differences of the crystalline materials were less distinguishable by naked eye because they are bulk samples (Color pictures in Fig. S1 , supplementary material). (Fig. 6c ).
Coordination geometries of solvent coordinated complexes
In the crystals, the cations form head-to-tail dimers via π···π interactions. 
Crystal structures of complexes without axial ligands
1 and 2 were isostructural, and the local structures of 1 and 1·MeNO 2 were similar with each 
TG Analysis
The weight loss temperatures and ratios determined by thermogravimetric (TG) analyses are summarized in Table 2 solutions were concentration-dependent, shifting to lower energies with decreasing the concentration. When the relative intensities the peak at around 33000 cm −1 , including the π-π* transitions of the acac moiety [20, 21] and the lower frequency shoulder of the N^N ligands, and the d-d transitions are compared, the intensity of the latter band is about 10 times weaker in solutions than in the solid-state. This is in accordance with the Laporte rule, suggesting that the solvated complexes adopt an octahedral geometry in solutions, as often illustrated in literature [1] [2] [3] [4] .
Consistently, DFT calculations revealed that the octahedrally coordinated complex is more stable than the square pyramidal complex as a gaseous free complex. In the solid state, however, five-coordinate structures were found. Our calculations revealed that, when two water molecules were placed above and below the completely unsolvated cation of 1, both molecules coordinate to the axial positions of the copper(II) center, although one of them is coordinated rather weakly. The presence of a large amount of solvent molecules in solution enables the cation to adopt octahedral geometry. In contrast, when the concentration of the complex becomes high during recrystallization, the cation forms a π-stacked dimer structure involving the square pyramidal units, due to dipole-dipole interactions. This energy gain by forming the dimer structure probably overcomes that
given by coordination of an extra solvent to form the octahedral arrangement. 
Thermochromism
Compounds 1 and 2 exhibited distinctive quasi-reversible thermochromism in methanol solution.
The colors of the solutions gradually changed from blue via green to yellow-red on heating (Fig. S2, supplementary material). The color change rate on heating appeared to be faster than that during cooling. The change on heating is rapid, while it takes about 2 hours for the yellow-red solution to return blue despite roughly equal heating/cooling rates. In acetone and acetonitrile, however, both complexes exhibited irreversible thermochromism, exhibiting color change from blue to brick-red upon heating (Fig. S3, supplementary material) . In the UV-Vis spectra for all the solutions, the change accompanied an increase of a peak at around 25000 cm 
Experimental Section

Materials and instrumentations
All reagents and solvents were purchased from commercial suppliers and used without further purification. Infrared (IR) spectra were recorded on a Shimadzu IRAffinity-1 spectrometer as KBr pellets in the 4000-400 cm −1 range. Elemental analyses were performed by using a Yanagimoto UV/VIS/NIR spectrophotometer, and were measured by the transmission method as KBr pellets.
The solution-state UV-Vis spectra were recorded on a Shimadzu UV mini-240 spectrophotometer equipped with a temperature controller in the 700-300 nm range. DFT calculations were performed with Spartan ′10 V1.1 (Wavefunction Inc.) at the B3LYP/6-31G level.
Preparation of [Cu(acac)(phen)]BPh 4 (1) and its complexes with solvent molecules
An ethanol solution (5 mL) of Cu(NO 3 ) 2 ·3H 2 O (0.24 g, 1.0 mmol) was mixed with an ethanol solution (2 mL) of 1,10-phenanthoroline (0.20 g, 1.0 mmol) and stirred for 10 min to give a blue precipitate. The precipitate was collected by filtration and washed with ethanol and diethylether.
The powder was suspended in ethanol (30 mL), to which acetylacetone (0.10 mL, 1.0 mmol) and 
Preparation of [Cu(acac)(bpy)]BPh 4 (2) and its complexes with solvents
The procedure was similar to that described for the preparation of 1, except that 0. 
X-ray Crystallography
X-ray diffraction data for single crystals of solvated complexes 1(HMPA), 1(Py), 1(DMSO),
1(DMF), 1(acetone), 1(MeCN)·MeCN, 1·MeNO 2 , 2(Py), 2(DMSO), 2(DMF)·DMF, and 2(MeOH)
were collected on a Bruker APEX II Ultra CCD diffractometer using Mo K α radiation (λ = 0.71073 Å) at a sample temperature of 100 K. Data for compounds 1 and 2 were collected on a Rigaku R-AXIS RAPID image plate diffractometer using Mo K α radiation (λ = 0.71073 Å) at a sample temperature of 293 K. The structures were solved by the direct method (SIR 97 [34] ) and refined on F 2 by using SHELX-97 [35] . An empirical absorption correction was applied (SADABS [36] ). The non-hydrogen atoms were refined anisotropically. The hydrogen atoms attached to carbon atoms were inserted at the calculated positions and allowed to ride on their respective parent atoms. The hydroxyl hydrogen in 2(MeOH) was located from the electron density map and refined at fixed distances from the respective parent atom.
Crystallographic parameters for the solvent-coordinated complexes derived from 1 and 2 are listed in Tables 4 and 5 , respectively, and those for 1, 2, and 1·MeNO 2 are listed in Table 6 .
Selected bond lengths and Cu···Cu distances (Å) are given in Tables 7 and 8 . Hydrogen atoms are omitted for clarity. 
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